Objective: to examine the relationship between incontinence and mortality in elderly people living at home. Design: of the randomly selected people aged 65 years and older living in Settsu city, Osaka in October 1992, 1405 were contacted and constituted the study cohort. Follow-up for 42 months was completed for 1318 (93.8%; 1129 alive, 189 dead). Measures: data on general health status, history of health management, psychosocial conditions and urinary and faecal incontinence were collected by interview during home visits at the time of enrolment. Results: from the Kaplan-Meier analysis, the estimated survival rates decreased with a decline in continence in both the 65-74 and 75 years and older age groups. From the Cox proportional hazards model, unadjusted hazard ratios of minor, moderate and severe incontinence for mortality, compared with continence, were 2.27, 2.96 and 5.94, respectively. Multivariate analysis yielded adjusted hazard ratios of minor, moderate and severe incontinence of 0.99, 1.17 and 1.91, respectively, leaving severe incontinence as the significant factor, when other indicators are controlled. Conclusions: incontinence is related to mortality and severe incontinence represents an increased risk factor for mortality in elderly people living at home.
Introduction
Incontinence is a common, disruptive and expensive health problem not only in old people in care [1] [2] [3] [4] but also in those living at home [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Although incontinence adversely affects psychological and social wellbeing; its relationship to longevity has not been rigorously investigated.
Several studies have showed a significant relationship between incontinence and mortality by the univariate life-table analyses [8, 9, [16] [17] [18] . From multivariate analyses controlling for age, education and health status, Herzog et al. [19] reported that neither incontinence status nor its severity were associated with 6-year mortality. Lewis et al. [20] also reported that incontinence remained an important factor for mortality in the short term, but not in the long run, when health and social factors were controlled. One of the key conceptual issues which the association of incontinence and mortality raises is whether incontinence is a marker for general decline or if it plays a causative role.
The present analysis was undertaken to determine whether incontinence was predictive of mortality in a community-residing elderly population.
Methods

Subjects and baseline data
On 1 October 1992, Settsu city in Osaka had a population of 87 293, of whom 6674 were aged 65 years and older. A randomly selected sample of 1491 people aged 65 years and older (22.3%) from the computerized sex-age register, including 21 in a nursing home, were visited at home and were interviewed with the aid of a questionnaire. The interviews were conducted by well-trained district welfare commissioners between 1 and 26 October 1992. Five people had died and 13 had moved from Settsu, leaving 1473 people to be contacted; responses were obtained from 1405, a response rate of 95.4%. Reasons for non-response were: absent (15) , in hospital (25) , in an institution (21) and refusal to participate (seven).
The questionnaire consisted of items relating to demographic variables, general health status [as indicated by activities of daily living (ADL) scores], history of health management, psychosocial conditions and incontinence. For assessing general health status, we used the criteria developed by the Working Party of the Health and Welfare Plan for the Elderly organized by the Japanese Ministry of Health and Welfare. The respondent was asked to rate his or her ADL on a scale from N1 to C2 (as defined in the Appendix). This continuum is represented by 10 categories, with N1 and N2 indicating total independence, J1 and J2 moreor-less total independence, A1 and A2 partial dependence and B1, B2, C1 and C2 high levels of dependence. Partial dependence or high levels of dependence were considered to be indicators of poor general health.
For health maintenance, we inquired about the history of health checks, daily preventive health practices related to diet and exercise and current medical treatment. For assessing psychosocial conditions, we asked about elderly people's involvement in their social network, their engagement in activities considered as particularly meaningful (known as ikigai, which refers to things considered worth living for [21] ) and about anxieties for the future.
Incontinence was assessed by the methods developed by the Social Survey Division of the Office of Population Censuses and used for a survey of disability in the UK [22] . The symptoms of urinary and faecal incontinence were broached in the question 'do you wet or soil yourself' by indicating the severity of incontinence. Incontinence of urine and faeces is scored on the following scale: 0 for 'never'; 1.0 for 'loses control of bladder occasionally/uses a device to control bowels or bladder'; 2.5 for 'loses control of bladder at least once a month'; 4.0 for 'loses control of bladder at least twice a month/ loses control of bowels occasionally'; 5.0 for 'loses control of bowels at least once a month'; 5.5 for 'loses control of bladder at least N. Nakanishi et al. Table 1 . Baseline characteristics of the study sample according to level of incontinence 
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Minor a once a week'; 6.5 for 'loses control of bowels at least twice a month'; 8.0 for 'loses control of bowels at least once a week/loses control of bladder at least once every 24 h'; 10.0 for 'loses control of bowels at least once every 24 h'; 10.5 for 'no voluntary control over bladder'; and 11.5 for 'no voluntary control over bowels'. Incontinence was grouped into four categories for analysis: 'none' for a score of 0, 'minor' for 1-2.5, 'moderate' for 4.0-6.5 and 'severe' for 8.0 and greater.
Follow-up survey
The survey population's status at the end of March 1996 was determined from their resident registration cards and death certificates to verify their eligibility and outcomes. Of the 1405 subjects enrolled in this study, follow-up was completed for 1318 (1129 alive and 189 deceased) because 87 had moved from Settsu by the time of the follow-up.
Statistical methods
The survival times were calculated by using the date of enrolment and the date of death or the date of followup or the date of last registration. Those who had moved from Settsu during the follow-up period have censored survival times, as do those members of the cohort who were living in Settsu at end of the followup and who were still alive. The method of Kaplan-Meier [23] was used to estimate the cumulative survival according to the baseline characteristics. The log rank test was used to assess the significance of differences between survival curves. The Cox proportional hazards model [24] was used to identify subsets of independent prognostic factors for survival. For these analyses, all the variables were used in a dichotomized format. All reported Pvalues are two-tailed and the level of significance is P < 0.05. Table 1 shows the characteristics of the subjects at enrolment. There was no sex difference between the four levels of incontinence. The proportions of those who were 75 years and over or were receiving medical treatment were high in those with incontinence. Those with poor general health were more incontinent. On the other hand, those who had undergone regular health checks, had been practising daily health promotion measures, took part in social activities or said that they found life worth living were less incontinent. The proportion of those who experienced anxiety about the future tended to be higher among those with incontinence. Table 2 shows the estimated survival rates of the subjects over the 42 months according to level of incontinence. The estimated survival rates decreased with a decline in continence both in those aged 65-74 and those aged 75 years and older. The estimated survival rates for men were lower than those for women for the subjects without incontinence, with minor incontinence and with moderate incontinence. Table 3 shows univariate hazard ratios of risk factors for mortality. For incontinence, a hazard ratio was calculated for each level of incontinence, with mortality in those with no incontinence as the standard for comparison. Significant factors for mortality were male sex, age over 75, poor general health, any level of incontinence, no use of health checks, no daily preventive health practices, undergoing medical treatment, no participation in social activities and no reason for living (no ikigai). Unadjusted hazard ratios for minor, moderate and severe incontinence were 2.27, 2.96 and 5.94, respectively. Table 4 shows multivariate hazard ratios of risk factors for mortality. As for incontinence, three dummy variables were created for calculating the hazard ratios for minor, moderate and severe incontinence: x 1 = 0, x 2 = 0, x 3 = 0 for none; x 1 = 1, x 2 = 0, x 3 = 0 for Significance for equality of survival curves between the age groups within each incontinence level, determined by the log rank test.
Results
minor; x 1 = 0, x 2 = 1, x 3 = 0 for moderate; and x 1 = 0, x 2 = 0, x 3 = 1 for severe. Statistically significant factors associated with mortality were: male sex, age over 75, poor general health, severe incontinence, no use of health checks, no daily preventive health practices and no participation in social activities. Adjusted hazard ratios for minor and moderate incontinence did not reach statistical significance.
Discussion
Donaldson and Jagger [17] reported that the mortality rate for frequently incontinent elderly people was higher than that for continent elderly people. Similar findings were also reported for several Western countries by Ekelund and Rundgren [4], Campbell et al. [8] , Berrios [18] and Goldfarb [16] , and for Japan by Koyano [9] . However, none of these studies controlled other risk factors related to mortality to test this hypothesis. When such controls were performed in the multivariate analyses, 2-and 6-year mortality was not significantly associated with incontinence in the studies of Lewis et al. [20] and Herzog et al. [19] , respectively. In our study, the estimated survival rates during 42 months decreased with a decline in continence. Univariate hazard ratios for mortality showed that elderly people with minor, moderate and severe incontinence were estimated to be 2.27, 2.96 and 5.94 times as likely as those without incontinence to die within 42 months. Furthermore, severe incontinence remained an increased risk factor for mortality after adjustment for potential confounding factors. Our results indicate that there is an independent and consistent effect of incontinence on mortality in elderly people living at home. With regard to the statistically non-significant effect of minor and moderate incontinence on mortality in the multivariate analysis, we have to consider two possibilities. First, incontinence is closely related to health conditions and has major psychosocial consequences [5, 8, 11, 14, 25] . The non-significant association between minor and moderate incontinence and mortality may be a result of confounding effects on mortality with respect to other factors, such as health and psychosocial conditions. Secondly, types of incontinence were not distinguished in this study. Those with mild incontinence (e.g. stress incontinence) might comprise many of those with minor and moderate incontinence. Each previous study has limitations in its survey population regarding age, sex, residence or referral that limit the generalizability of the results. It will be important to see whether our findings can be replicated.
Consistent with the previous epidemiological studies [26] [27] [28] [29] [30] [31] [32] [33] , our study also showed close relationships between mortality and increasing age, male sex, poor general health and psychosocial factors [such as participation in social activities and the presence of particular meaningful aspects of life (ikigai)]. These results suggest that less decline in general health, participation in social activities and identification of particular aspects of life reflect an active physiological and psychological profile and contribute to reducing the mortality of elderly people. In regard to health maintenance, the positive relation between the whole spectrum of physical health and daily good health habits has been demonstrated [34, 35] and the use of health checks is related to reduction in mortality, length of hospitalization and improvement in morale [33, [36] [37] [38] [39] . In this study, use of health checks and practices of daily preventive health promotion remained as independent factors associated with survival, with other indicators, such as age, sex, general health status and psychosocial conditions, being controlled.
In conclusion, incontinence in elderly people living at home has appreciable effects on mortality and the mortality rate is increased with the severity of incontinence. 
Key points
• Elderly people living at home who are well, have made efforts to maintain good health and are psychosocially active are less incontinent of urine and faeces.
• Mortality rate increases with the severity of incontinence and severe incontinence is an independent risk factor for mortality.
